which are both seen in young individuals and are distinguished by the exocrine pancreatic failure characteristically seen in the latter (1) . Certain unique clinical and biochemical characteristics common to both, such as ketosis resistance, insulinopenia, and insulin resistance, in addition to the common denominator of moderate-to-severe malnutrition, justify their inclusion under the umbrella term MRDM (1) . Thus far, no attempt has been made to identify the cause of the peculiar insulin resistance that results in an insulin requirement that exceeds 2.5 U • kg" l • day" l . There is reason to suspect that insulin antibodies may contribute, at least in part, to the insulin resistance, because patients with type J diabetes, who usually belong to the poorest sections of society, and are unable to afford the cost of continuous therapy with insulin, characteristically stop taking insulin for periods of weeks or months. This pattern of intermittent therapy is very conducive to antibody formation with the highly immunogenic, mixed beef-pork insulin mixtures that are taken for their lower cost and greater availability (2, 3) . The purpose of this study was specifically to determine whether circulating antibodies to insulin contribute to insulin resistance in MRDM, as a first attempt to identify the pathophysiological basis for the insulin resistance seen in MRDM.
PATIENTS-Twelve insulin-dependent patients with type J diabetes who met all the criteria suggested by Ahuja (4), were studied (fasting plasma glucose level >11 mM, diabetes onset before age 25 yr, body mass index (BMI) <18 kg/ m 2 , an absence of ketosis on withdrawal of insulin for a period of 10 days, and an insulin requirement >2.5 U • kg" 1 • day" 1 ). Six patients with type I diabetes belonging to the same socioeconomic group were studied for comparison. All patients had been taking mixed beefpork insulin preparations for > 1 yr. Because of the unreliable nature of the treatment, all patients were hospitalized and treated with insulin as part of the study protocol. The dose was adjusted to achieve near euglycemia (-150 mg/dl), and a 24-h urine that was free of glucose during a week's observation in the hospital. Thus, relatively good shortterm glycemic control was established in these patients, which resulted in normal fasting levels of free fatty acids (FFAs) on the morning before study. Insulin requirements were calculated on this basis rather than from the stated dose being taken by the patient outside of the hospital. Insulin binding was assayed in plasma after an overnight fast, 36 h after the last dose of insulin.
125 I-labeled insulin, prepared by the chloramine-T method and purified by gel chromatography on the morning of the assay (5), was incubated (20 femtomoles) with 0.1 ml plasma in barbital buffer containing 5% bovine serum albumin, pH 7.4, in a total volume of 1 ml at 4°C for 48 h, with and without an excess (10~^ M) of cold insulin. At the end of the incubation, 1 ml of ice-cold 25% polyethylene glycol was added to precipitate immunoglobulins (6), the tubes were mixed on a vortex mixer and centrifuged at 2000 g for 20 min. The supernatant was decanted, the tubes were allowed to drain, and the pellet was counted. After subtraction of nonspecific binding, insulin binding (%) was calculated as specific counts in the pellet/total counts added to the tube X 100. In 10 control plasma samples, insulin binding averaged 1.2% with a standard deviation of 1.07% (range 0-2.8%). The upper limit of normal was taken as 3.5% (mean + 2SD).
RESULTS-Clinical, biochemical, and hormonal data have been reported in detail in an earlier article (7) . The mean ages were not significantly different (16.8 ± 1 yr in type J and 16.2 ± 1.4 yr in type I, mean ± SE). Similarly, BMI and skin-fold thicknesses (ST) were not different in typej (BMI 16 ± 1 kg/m 2 , ST 8.9 ± 1.1 mm) and type I patients (BMI 14 ± 1 kg/m 2 , ST 6.5 ± 0.4 mm). The FFA level in plasma was also virtually DIABETES CARE, VOLUME 15, NUMBER 5, MAY 1992 identical in the two groups prior to study (typej 636 ± 38 |iM, type I 674 ± 54). Insulin responses to glucose (1.75 g/kg) were almost completely absent in both groups, with a maximum increment in free insulin levels of 48 ± 13 pM in type J patients and by 40 ± 12 pM in the type I patients.
Insulin was significantly bound (>5%) in the plasma of all subjects, but there was no difference between mean insulin binding in the two groups of diabetic patients (type J 14.7 ± 2.3% vs. type I 14.9 ± 3.3%). The proportion of diabetic patients who had significant amounts of binding in serum (>20%) was not different in the two groups (2 of 12 type J, 1 of 6 type I patients) and no subject had a percent insulin binding >30%. Despite this similarity in insulin binding, type J diabetic subjects had insulin requirements that were twice as high as those seen in type I diabetic subjects (125 ± 7 U/day in type J vs. 54 ± 6 U/day in type I, P < 0.001). There was no correlation between insulin binding and dose of insulin required for glycemic control in the type J patients (Fig. 1) . In fact, in the three patients with the highest insulin requirement (>130 U/day, CONCLUSIONS-The preliminary suspicion that the insulin resistance seen in MRDM could be due to anti-insulin antibodies that are induced by the intermittent therapy with impure insulins, has not been borne out by the results of this study. MRDM was shown to be associated with a 2.5 times greater insulin requirement compared with patients with type I diabetes who had the same degree of near-total p-cell failure. The marked insulin resistance of these insulinoprival, type J diabetic patients becomes evident when viewed in the proper perspective: a need for 3 U insulin • kg" 1 • day"*, is greater than the needs of all but the most markedly resistant, hyperinsulinemic, non-insulindependent (type II) diabetic patients (300 U/day in a patient weighing 100 kg). Insulin tolerance tests confirm this: insulin sensitivities in MRDM are similar to those in type II patients, rather than type I patients (8) . Because type J patients share features of insulinopenia and leanness with type I patients, this degree of insulin resistance in an insulinoprival form of diabetes is puzzling. Starvation can be excluded as a cause for this phenomenon because patients in this study were not starving to begin with and received a standard 2000 kcal hospital diet for at least 10 days before the study, which is adequate to reverse the insulin resistance of starvation (9) . It is also unlikely that poorer glycemic control was responsible for the resistance because it has been shown that patients with MRDM are more resistant than even obese type II diabetic patients, despite comparable degrees of glycemic control, as measured by HbA : levels (10). It is possible that prolonged periods of glycemic control may be required to reverse insulin resistance in MRDM, but studies in type I diabetes (with which MRDM is comparable in terms of (3-cell failure and bodily habitus) show that even a week can make a substantial difference (11). However, the role of glycemic control in this phenomenon cannot be decided from this study because the aims were limited to ruling out the involvement of antibodies.
In conclusion, the cause of the insulin resistance in MRDM is still unknown. However, based on the data reported here, it is reasonable to conclude that antibodies to insulin, acquired as a consequence of the treatment of these individuals, play no role in mediating the insulin resistance of MRDM. F or quite some rime, there has been concern that hyperinsulinemia may be a risk factor for accelerated vascular disease in patients with noninsulin-dependent diabetes mellitus (type II) (1-4). More recently it has become apparent that proinsulin makes up an increased proportion of the measured immunoreactive insulin (IRI) in the sera of patients with type II diabetes (5) (6) (7) (8) .
In nondiabetic subjects, the proinsulin-IRI ratio was in the range of 10-20%, whereas in patients with type II diabetes this ratio can exceed 50% (5-9). The possibility has been raised that proinsulin and its split products (rather than insulin itself) may be associated with the recognized cardiovascular risk factors in Table 1 type II diabetes (9) . In addition, in a single study, an excess of myocardial infarctions was observed in patients with type II diabetes treated for 2 yr with exogenous intact human proinsulin (10).
Although the precise mechanisms responsible for hyperproinsulinemia in type II diabetes are poorly understood, it is predicted that the proinsulin-IRI ratio would be raised in patients with type II diabetes treated with sulfonylurcas, but would be normalized if the |3-cell was "put at rest" by the administration of exogenous insulin (6) . To address this issue, we measured the fasting IRI, proinsulin, and proinsulin-IRI molar ratio in previously described patients with type II diabetes who were randomized to receive either an oral sulfonylurea (glyburide) or insulin injections (NPII insulin, once daily) (11). As indicated by their HbA u . percentages (Table 1 ), these two groups of patients achieved equivalent glycemic control within 1 mo of randomization.
Proinsulin measurements were performed using a modification (12) of our previously described assay using antiserum HE (13). In this assay, des 31-32 proinsulin cross-reacts -38% as well as intact proinsulin. Because des 64-65 proinsulin crossreactivity is only -10% and because this product makes up a small fraction of the circulating proinsulin constituents (14-16), it provides a negligible contribution in this assay. In fasting, nondiabetic subjects, this assay gives a proinsulin-IRI molar ratio of 18.6 ± 3.5%, whereas the mean proinsulin-IRI ratio was raised in our study subjects before randomization (35.7 ± 1.9%, P < 0.001 vs. control subjects).
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